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AHHOTAN NS

Beedenue. PaccmarpuBaercst BOIpOC MOBBIMIEHUS 3()(EKTHBHOCTH Tpoliecca JIC3BUMHOW 00pabOTKHM H3Ienui u3
MIOPOIIKOBOI ObIcTpopekymiel cramu. llpemmaraercs HCHONB30BAaTh TOYEHHE (PE3CPOBAHHEM KaK AIbTCPHATHBY
KJIaCCHMUYECKOM TokapHOW o00pabotke. IlokasaHel mpeuMylnecTBa AaHHOTO Meronga. [laH 0030p HCClenOBaHUM,
TIOCBSIIICHHBIX MOBBIIICHNIO KauyecTBa IMOBEPXHOCTH JAETalel IpU TOUeHHHU (pesepoBaHueM. Llenpio paboThl SBUIIOCH
OTIpEiCTICHUE BJIMSHUSA PEXMMOB DPE3aHMs Ha IIEPOXOBATOCTH IOBEPXHOCTH IIPU OPTOTOHAIBHOM METONE TOYCHHS
(b pe3epoBaHUEM MTOPOIITKOBOI OBICTPOPEKYILECH CTATH MOHOJUTHOM (hpe3oid.

Mamepuanet u memoowl. IIpUMEHSINCH METOABI CTATHCTHYECKOTO aHalM3a, OCHOBAHHbIE Ha CO3JaHUH
MaTeMaTU4ecKOd MOJIeTH TPOTHO3MPOBAHHMS MHUKPOTEOMETPHYECKUX OTKJIOHEHHH 00padaThiBaeMOi IOBEPXHOCTH.
MeTo]| SKCIIEPUMEHTAIBLHOTO HMCCIIEIOBaHMS MCIONB30BAJICS JJIs IIPOBEPKU aJ€KBaTHOCTH MAaTeMaTHYeCKOH MOMENH.
[TnanupoBaHue SKCHEPUMEHTa IMPOU3BOJMIOCH [0 HEKOMIO3WIMOHHOMY IUIaHy, MpeajiokeHHOMY bokcom wu
BeHKMHBIM. DKCIIEpUMEHT OCYIIECTBISUICS HA TOKApHOM 00pabaThIBalOIIeM IEHTPE ¢ NPUBOAHBIM HHCTPYMEHTOM. B
KavyecTBe MaTepuana o0pasIoB JyIsl IPOBEJCHNUS 3KCIICPUMEHTa OblIa IPUMEHEHA MMOPOIIKOBasi OBICTPOPEXKYILAs CTANb
BOHLER S390 MICROCLEAN. B kauecTBe peylIero MHCTPYMEHTa MPUMEHEHA MOHONMTHAS TBEPIOCILIABHAS
¢pe3a. B xozxe sxcriepuMeHTa BapbUPOBAINCH CKOPOCTh PE3aHusl, MUprHa (hpe3epoBaHus U noaada Ha 3y0. Vizmepenne
IIEPOXOBATOCTH 00pabOTaHHON TIOBEPXHOCTH MPOU3BOMIIOCH KOHTAKTHBIM IPOQHIOMETPOM.

Peszynemamul uccnedosanusn. Pazpadorana mateMaTHdeckas MoJielib JOpMHUPOBaHHMS IEPOXOBATOCTH MOBEPXHOCTH B
3aBUCHMOCTH OT HapaMeTpoB 0OpabOTKH. B Xone IKCIepUMEHTOB ONpEeesieHO BIUSHUE CKOPOCTH pe3aHus, MoAaqyu
WHCTPYMEHTa U paJvajbHOW IITyOWHBI pe3aHHsi Ha MIEPOXOBATOCTb OOPaOOTaHHON MOBEPXHOCTH. YCTaHOBIIEHO, YTO
3aBUCHMOCTH ILIEPOXOBATOCTH OT IOJIAUM MMeEET JIMHEHHBIH XapakTep Ha BCEM HCCIIEAYEMOM JHana3oHe PeKHMOB
pe3anus. B cBoro ouepenb 3aBHCMMOCTh IIEPOXOBATOCTH OT CKOPOCTH pe3aHMsi M IIMPUHBI PE3aHUsl HUMEeT
napabonuyecknii xapaktep. [lomydeHHble pe3yibTaThl IO3BOJISIIOT JOCTHraTh IIEPOXOBATOCTH 00paboTaHHOM
noBepxHoctd Ra = 1,85 6e3 CHIKEHMS IPOU3BOUTEIILHOCTH 00PaOOTKH.

Oécyracoenue u 3axniouenusn. PaspaboraHHas mMareMaTHuecKas MOJENb OTPaKaeT BIMSHUE PEXKHUMOB pE3aHUS Ha
LIEPOXOBATOCTh IIOBEPXHOCTH TIPH TOYCHHWH (pe3epoBaHUEM OBICTPOPEXKYILEH CTalM MOHOJHMTHON (pe3oi.
Pe3ynbraThl NMpoOBEIEHHBIX HCCIEJOBAaHMH MOTYT OBITH MCIOJIB30BAHBI JJISI ONpPEIEICHUS ONTUMAIBHBIX PEXHMOB
pe3aHus, O0O0ECIEUUBAIONIMX 33aJaHHOE Ka4yeCTBO MOBEPXHOCTH MpPH M3TOTOBJICHHHM pEAIbHBIX JeTajeld B
MPOM3BOJICTBEHHBIX  yCIOBHsX. [IpoloyDKeHHE — HCCIIEOBAaHMM  PEKOMEHIYeTCs HpPOBOAUTH €  KOHTPOJIEM
JIONIOJIHUTENBHBIX ~BBIXOJHBIX MapaMeTpoB, TAaKMX Kak TeMIeparypa ¢ BHOpauus. YMEHbIICHHE BIUSHHS
pereHepaTUBHBIX aBTOKOJIEOaHUT HA IEPOXOBATOCTh 00PA0OTaHHOM MOBEPXHOCTH MOYKHO JIOCTHYb 33 CYET HA3HAUCHHS
PEKUMOB pe3aHust Ha 6a3e pe3yJbTaTOB MOJAIBHOTO aHAJIH3a TEXHOJIOTHYECKOW CHCTEMBI.

KiaioueBble ciaoBa: TOYCHHE (bpeSepOBaHI/IeM, TBEpAOCIJIaBHAA (bpe3a, mIepoxXoBaTOCTh, 6LICTp0pe)KyHIa$I CcTallb,
MOACIMPOBAaHUE TPpOLECCa PE3aHUS.

BJIﬂI‘OIIapHOCTI/l: ABTOPBI BbIpAKAIOT 6J'IaFO,Z[apHOCTB peaaKkiuru U peUCH3CHTaM 3a BHUMATCJIbHOC OTHOIICHUE K CTAThC
1 YKa3aHHBIC 3aME€YaHUsl, KOTOPLIC IMO3BOJININ MOBBICUTH €€ Ka4€CTBO.
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Original article
Study of the effect of cutting modes on output parameters under high-speed steel turn-milling
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Abstract

Introduction. The article elucidates increasing the efficiency of turn-milling of powdered metal high-speed steel
products. Turn-milling can be used as an alternative to the traditional turning method. The article describes advantages
of the turn-milling method. A review of studies devoted to improving the surface quality of parts when turning by
milling is given. The work aims at determining the effect of cutting modes on the surface roughness by the orthogonal
turning method through milling powdered high-speed steel with a monolithic cutter.

Materials and Methods. Statistical analysis methods based on the creation of a mathematical model for predicting
microgeometric deviations of the treated surface were used. An experimental research method was applied to verify the
adequacy of the mathematical model. The experiment was planned according to the non-composite design proposed by
Box and Behnken. The experiment was carried out on a turning machining center with a driving tool. Powdered high-
speed steel BOHLER S390 MICROCLEAN was used as sample material for the experiment. A monolithic carbide
milling cutter served as a cutting tool. During the experiment, the cutting speed, milling width, and feed per tooth
varied. The roughness of the treated surface was measured by a contact profilometer.

Results. A mathematical model of the formation of surface roughness depending on the processing modes was
developed. During the experiments, the effect of cutting speed, tool feed, and radial cutting depth on the roughness of
the treated surface was determined. It was established that the dependence of roughness on feed had a linear character
over the entire investigated range of cutting modes. In turn, the dependence of roughness on the cutting speed and
cutting width had a parabolic character. The results obtained allowed us to achieve the roughness of the treated surface
Ra = 1.85 without reducing the processing performance.

Discussion and Conclusions. The developed mathematical model reflects the impact of cutting modes on the
surface roughness when turning high-speed steel with a monolithic cutter. The results of the conducted research
can be used to determine the optimal cutting modes that provide a given surface quality in the manufacture of real
parts under the production conditions. It is recommended to continue the research with the control of additional
output parameters, such as temperature and vibration. Reducing the effect of regenerative self-oscillations on the
roughness of the treated surface can be reached through assigning the cutting modes based on the results of a
modal analysis of the process system.

Keywords: turn-milling, carbide cutter, roughness, high-speed steel, cutting simulation.
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BBenenne. AnbrepHaTHBON KIIACCHMYECKOTO IIpollecca pe3aHMs sABIseTcs ToueHue ¢pesepoBanueM. IlepBbie
TIOTIBITKY OTMCAHUS AaHHOTO BHAA 00pabOTKM W €ro NMpaKkTHYECKOTO NMPUMEHEHHS MMENH MECTO B IEpBOH MOJOBUHE
XX 8. B 1948 r. I'. W. I'paHOBCKHil ommcall KHHEMATHKy OOPaOOTKH MHIMHIPUYECKON BpAIAIOIICHCS IETaal C
nomoteto ¢pe3st [1]. B 1964r1. A.O.DTuH onmcan pas3idyHble METOABI TOUYCHHS (pe3epoBaHHEM, B T. .
¢pe3epoBaHe HHCTPYMEHTOM C OCBIO, MAapajUIeTbHON OCH JeTanw, W (pe3epoBaHHE MIIMHAPHUECKOH (pe3or ¢
KPYroBOW M TaHTEHIMabHOM momauamu [2]. TIpUHATO CYMTATH OCHOBOIOJOXKHHKAMH MPAKTHYECKOTO TPUMEHCHHS
nagHoro Meroga llymema m Ilmypa. OHM paszgenuny omepanny TOYEHHUS (Qpe3epoBaHMEM Ha [BE TPYIIIHL
OpPTOrOHANBHbIE W TaHreHUWai bHble [3]. 3HauuTeNnpHBIA BKJIaA B HM3yYCHHE TOKAPHOTo (pe3epoBaHUs BHECIH
Kaparysen, bakkan, bBynak, KoTopele HcCclenoBanmu MEXaHWKY W TEpPMHYECKHE acCIeKThl TOKapHO-(hpe3epHOH
00paboTku. OHM TakxKe pa3paboTany MOJENH JUIS IPOBEPKH FEOMETPUH Mpoliecca, KHHEMAaTHKN M MEXaHHUKH, KauecTBa
obpabaTbsiBacMbIX [eTaleii B OPTOTOHANBHBIX U TAHTCHIMATBHBIX TOKAPHO-(PPE3epHBIX onepanusx [4].
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AxTyaJpHON MpoGiieMOi MpH BHEAPCHUH OIEpaliK TOUCHHUS (pe3epoBaHHUEM SIBISAECTCS IOCTHIKEHHE BBICOKOTO
KauecTBa IIOBEPXHOCTH, B IIEPBYIO O4YEpeIb — YMCHBIICHUS LIEPOXOBATOCTH. AHANU3 MyOJIMKaUWi IO3BOJISCT
BBIZICIUTH OCHOBHBIEC HAIIPABIICHNS B HCCICAOBAHUH ITyTeH JOCTHIKCHHUS BEICOKOI'O Ka4eCTBA TOBEPXHOCTH:

— M3y4YCHHE BIUSHUS dKCIIeHTprcHTeTa [5];

— omnpenereHHe NPOQWIA PEXYIIEro MHCTPYMEHTa CO CMCHHBIMH MHOTOTPAaHHBIMH IUTACTHHAMH C KPYIJIOH H
CKPYTIICHHOM PEXYIIUMA KpOMKaMHu [6];

— M3yUYCHHE BIUSHUS TEMIICPATypHhI B 30HE pesanust [7];

— MPOTHO3MPOBAHHE  W3HOCOCTOMKOCTH  PEOXYIIeH  KPOMKA TpH  NOPUMEHEHHH  ONepalid  TOYCHHE
¢peseposanuem [8].

CrieryeT OTMETHTb, YTO B YKa3aHHBIX paboTaX B KAYECTBE HCCICAYEMBIX MATCPHAIIOB IPHMEHSIINCH TPaIHIIHOHHbIC
KOHCTPYKLHOHHBIE cTanmi. MccnenoBaHusi ObICTPOPESKYILCH CTaNd, B TOM YHCIE MONYyYEHHOW METOAOM MOPOLIKOBOI
METAJUTyprHH, HE SBISIOTCS PACHPOCTPAHCHHBIMH. JTO OrPaHHYMBACT NPUMEHEHHE MPCHMYILIECTB TOUYCHHS
¢bpe3epoBaHmeM IS W3TOTOBICHHS  BpALIAIOMIMXCS —PEXywux wHCTpyMmentoB [9]. JlanHoe HampaBiieHue
MexaHooOpabOTKM MOXXHO OTHECTH K 00JacTh, TOe TOYeHHEe (pe3epoBaHHEM MOXKET JaTh HaMOONBIINN
SKOHOMHYECKUH FPPEKT.

Ha ka4ecTBO MOBEPXHOCTH BIHSACT HCIOJB3YEMBIH PEXyIIUHd MHCTpYMEHT. Hampumep, nmpHMeHEHHE KOHIEBBIX
¢dpe3 co CMEHHBIMH MHOTOTPaHHBIMH IUIACTHHAMH HE BCErla MO3BOJSICT AOCTHYh TpeOyeMoW IepoXOBaTOCTH
noBepxHocTH [10]. BakHO OTMETHTB, UTO paccMaTpuBaeMasi IKCIIEPUMEHTAIbHAS YaCTh MCCIIEI0BAHMM MPOBOAUTCS HA
MHOTOIETIEBBIX CTaHKaX. OpHAKO ToueHHEe (PE3CPOBAHHEM TaKKE MOXKET TMPHUMEHATBCS U HAa TOKAPHBIX
00pabaThIBAOIINX IIEHTPAX ¢ IPUBOHBIM HHCTpYMeHTOM [11].

Lenpro jaHHOW paOOTHI SBISIETCS ONpEeNICHUE BIMSHUS PEKMMOB PE3aHHs HA [IEPOXOBATOCTh MOBEPXHOCTH NPHU
OpPTOTOHAILHOM METO/IE€ TOUSHHUS (pe3epOBaHUEM MOPOIIKOBON OBICTPOPEXKYIIEH CTalu MOHOJIUTHOU (pe3on.

MartepHaiabl U MeTOABI. DKCIICPUMEHT NPOBOIMICS HAa TOKAPHOM O0padaTHIBAIOIIEM LEHTPE C IMPUBOIHBIM
uncrpymearom DMG NEF400 (puc. 1).

Puc. 1. 3ona 06paboTku npu SKCIIEpUMEHTE

B kadecTBe HCCIELYEMOr0 MaTepHala HCIIONb30BAHA IOPONIKOBAs ObIcTpopexymas crams BOHLER S390

MaLHI/IHOCTpoeHI/Ie 1 MallIMHOBCACHUC

MICROCLEAN®. 3arotoBka npezcraBisiia co60i mwamuaap pasmepoM 88x300 MM i 3aKperIsuiach B TPEXKYIauKOBOM
THAPABINYECKOM IMATPOHE C TODKATHEM LEHTPOM, YCTAHOBJICHHBIM B 3amHeill 0aOke cranka (puc.2). B kauectBe
PEXYIIEro HHCTPYMEHTa HCIOJIb30BaHA MOHOJIUTHAS TBepAociuiaBHas ¢pesa YG-1 GM999 12(R3)x12x32x75, z = 5.

101
'M390-BOHLER Russia // www.bohlernn.ru : [caiit]. URL: https://www.bohlernn.ru/ru/products/m390/ (nata oGpamenus: 14.12.2021).
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OO0paboTka mpoBoAMIach 0O€3 NPUMEHEHUS CMa30YHO-OXJIXKJAIoUled >KUAKOCTH. M3MepeHHs IIepoXOBaTOCTH
00paboTaHHOM TTOBEPXHOCTH TIPOM3BOIMINCH Ha cTanmoHapHoM mnpodumomerpe Taylor&Hobson Form Talysurf 200.

Xumngeckuii cocras cranu BOHLER S390 MICROCLEAN:

1,64 % C; 0,60 % Si; 0,30 % Mn; 4,80 % Cr; 2,00 % Mo; 4,80 % V; 10,40 % W; 8,00 % Co.

Texuosormdeckue coiictea crann BOHLER S390 MICROCLEAN, TIpeJCTaBICHHBIE B OATBHON cucTeMe U3 5
0aJUTOB, COOTBETCTBYIOIINX MAKCHUMAIBHBIM 3HAUCHUSM CBOICTB JaHHOW TPYIIIIBI CTAJICH:

— MPOYHOCTbH Ha cxkaTHe — 4;

— numdyemocts — 3;

— TpOKaTUBaeMoCTh — 4;

BSI3KOCTH — 4;
HM3HOCOCTOHKOCTE — 4.

Puc. 2. Cxema opTOroHaNIbHOIT 00paboTKH MOHOIUTHOH dpesoit YG-1 GMG19910

Martemarudeckas MOJECJb OTKJIOHCHHUSA MIECPOXOBATOCTH TMOBEPXHOCTHU Ra wmoxer OBITH peacTaBJICHA

ypaBHenuem [11]:
InRa = InD + ¢, ' Inf, + ¢11 * Inf2 + ¢, - InV, + ¢y - InV,2 + ¢5 - Ina, + ¢33 - Ina?,

>
S
= rae f, — momgaya, MM/3y0; V, — CKOpPOCTb pe3anwsi, M/MUH; 8, — IIHPHHA PE3AHHUS, MM.
e
a INeperMeHyeM 3TO BBIPaXKESHHUE CIIEAYIOLIHMM 00pa3oM:
o — . . . x2 . L x2 . v y2
S Y1 =00 Xot g1 X1t G11°"XT + g2 X2 + g2z " X3 + g3 X3 + g33 " X3,
= rae ¥, = InRa; Xo — OGUKTHBHASA NepeMeHHas; Xi, Xp, X3 — KOJMPOBaHHbIC 3Ha4YeHUs: (GakTopoB; go, g1, Y2, g3 —
c
2 MOCTOSIHHBIE KOA()(DUIIUEHTBI.
5]
> KonupoBaHue epeMeHHBIX OCYIIECTBISIETCS 110 CICAYIOIUM COOTHOUICHHSIM:
~~
Py B 2(nf, +1Inf, ) _
ﬂ x1 - 1 — 1 + 1,
= nfzmax nfzmin
= 2(InV, +InV, ) 11,
2TV, —1InV, . ’
max min
2(Ina, +1na )
102 X3 = e €max + 1‘

In aemax —In aemin



Advanced Engineering Research 2022. T. 22, No 2. C. 99—106. ISSN 2687—1653

rae fzmax’ V

a
Cmax’ “emax

— BEpXHHUE ypoBHU (aKTOPOB; f .,V

., 00 .
Cmin’ “"emin

OCHOBHbBIC YPOBHHU (baKTOpOB. 3Ha4YEeHHUS YTHX napaMeTpoOB IMMPCACTABJICHBI B TaGJ’II/IHe 1.

3HaveHHs ypoBHEW (akTOpPOB IKCIIEpUMEHTA

— HIKHUE YPOBHH (HaKTOPOB; f, , Vo), Aoy —

Tabnuma 1

Hwxnnit yposens (- | OcHOBHO# ypoBeHb | BepxHmii ypoBeHB
®DakTophl Kox 1) ) (+1)
£, MM/3y0 Xq 0,04 0,08 0,12
V¢, M/MUH Xy 80 90 100
e, MM X3 1 2 3

DKCIepHMEHT IUIAHUPYETCS 10 HEKOMITO3HUIMOHHOMY ILIaHy, NpemiokeHHOMY bokcoMm u BeHkMHBIM. DTOT miaH
MIPECTaBIIET COOOH BRIOOPKH CTPOK M3 TIOITHOTO (PAKTOPHOTO SKCIIEPUMEHTA THIIA 3%, Ou BrOUaeT B ce6s 15 OMBITOB.
Marpuna riasa npuBeeHa B Tadnuie 2.

Tabmuma 2
Marpuia pe3ysibTaToB IIAaHUPOBAHUS IKCIIEPUMEHTA

Ne BrixonHoit

n/n Darropel napameTp
Xo Xy Xy X3 XiXo | XoXg | XoXa | Xi° | Xo° | Xg Ra, MKM
1 1 -1 -1 0 1 0 0 111]0 0,9487
2 1 1 -1 0 -1 0 0 111]0 1,5583
3 1 -1 1 0 -1 0 0 11110 1,2183
4 1 1 1 0 1 0 0 11110 1,7555
5 1 -1 0 -1 0 1 0 1101 1,5674
6 1 1 0 -1 0 -1 0 1101 1,9084
7 1 -1 0 1 0 -1 0 1101 1,5198
8 1 1 0 1 0 1 0 1101 1,9505
9 1 0 -1 -1 0 0 1 011 1,8912
10 1 0 1 -1 0 0 -1 011 1,0914
11 1 0 -1 1 0 0 -1 011 1,6132
12 1 0 1 1 0 0 1 0|11 1,7664
13 1 0 0 0 0 0 0 00O 1,5668
14 1 0 0 0 0 0 0 00O 1,5081
15 1 0 0 0 0 0 0 00O 1,5046

Bekrop ko3 duimentos onpenemnsercs no popmye:
B=X"X)"1xTy.
Hucniepcuu S 2(b]-) K03 PHUIIMCHTOB PErpecCud HAXOISITCS U3 BRIPAKCHHS:
S2(bj) = ¢S5,
IJIe C;; — JMATOHATBHBIC YIIEMEHTHI MaTpHIEl XX Sy — JuCrepens SMITUPUYECKON PErpecCH.

CpenHee 3HaYCHUE M JUCIIEPCUS OMPEACIIACTCS BEKTOPOM OIBITOB B IIEHTPE IUIaHA.
Cpennee 3HaueHUE:
_ X Yy,
3
rae Yy, — BEeKTOp 3HA4YCHUH (DYHKIMH OTKIIUKA B IIECHTPE IUIaHA.

Hucnepcus:

MaH_II/IHOCTI)OCHI/Ie 1 MallIMHOBCACHUC

g2 = 2%=0(Yui_y>2_
y 2
ITo pe3ynbratamM OMBITOB, MPOBEICHHBIX MO IUIAHY (Ta0ll. 2) MOXXHO ONPENCIHTh MOCTOSHHBIE KOA(P(PUIIHEHTHI
YpaBHCHHS:
Y=o Xot+ g1 X1+ Ggo X2t g3 X3+ gia Xy X+ g1z X1 X3+ g3 X2 " X3
+911 X + Gop X5 + g33* X35 103
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No
1
9o = n_o You
u=1
N
gi=4 Z XijVj;
j=1
N
gu=D Z XijX1;¥j;
j=1
N k N Mo
=B ) xfy+C 2y, - ——
g3 = XijYj XijYj pn You
u=1 i=1j=1 0 u=1
rae Ny — 4HCIO ONBITOB B LEHTPE IUaHa; U — HOMEp MapajUIeNIbHOTO OIbITa B IEHTPE IUIAHA; Yo, — 3HAUYCHHE
GyHKIME OTKIMKA B U-OM ombiTe; N — YHCIIO ONBITOB B MAaTpHULE IUIAHHPOBAHUS, | — HOMEp OIBITa B MaTpHIIC
IUTaHUpOBaHus; i, | — HoMepa (akTOpOB; Xjj, Xjj — KOJUPOBaHHBIC 3HaYeHUe i-ro U |-ro gakTopoB B j-M ombITe; Yj —

3HAUeHHE PYHKIIMU OTKJIHMKA B j-M OIIBITE.
U3 sroro cnenyet: g, = 1,388; g, = 0,24; g, = —0,022; g; = 0,268; g1 = 2,413; g,, = 2,267; gz3 = 3,072.
Takum o0pa3oM, MOETb 3aBHCHMOCTH OTKJIOHCHHUS MIEPOXOBATOCTH MOBEPXHOCTH OT MapaMeTpOB 0OpabOTKH U
IUPUHBI pe3aHus OyJeT UMETh BU/I;
Ra = 1,388 + 2,413 f2 — 0,24 - f,.
Pe3yabTaTsl  HcclieoBaHHA. 3aBHCHMOCTH IIEPOXOBATOCTH MOBEPXHOCTH OT PEXKHMOB  PE3aHUAL
MpeACTaBICHBI Ha PUC. 3.

RN
OOCAEXR
XX

: PR
(OSSR
OS>
%%%% %%

Puc. 3. 3aBucUMOCTH OTKIIOHEHHUS TTapaMeTpa IMepoxXoBaTocTu Ry
a — ot nojauu Ha 3y0 f, u oT ckopoctu pesanust V¢, 6 — 0T CKOpOCTH pe3anus V. U NIUPUHBI (pe3epoBaHUs Ae;
6 — OT IUPHHBI Ppe3epoBaHus &, U Moaa4du Ha 3y0 f,

AHaJM3 NOJNYyYeHHBIX PE3YJIbTATOB IOKa3bIBAET, YTO 3aBUCHMOCTh LIEPOXOBATOCTH OT IOJAYH UMEET JIMHEHHBIN
XapakTep Ha BCEM MCCIEIyeMOM IMana3oHe PEXMMOB pesanust (puc. 3 a, 6). Ilpu 3TOM C yBeIHMUCHHEM IMOIa4n
LICPOXOBATOCTh NPONOPLMOHAIBHO YBEIMYUBACTCS, YTO COINIACYETCS C OCHOBHBIMH IOJIOKCHUSIMH TEOPHUH PE3aHHS.
MakcumanbpHOEe 3HaYeHHWE MapaMeTpa LIepoxoBaTtocTH R, cocraBmser 1,85 MKM, 4YTO COOTBETCTBYeT HamOolee
pacIpocTpaHEHHBIM TPeOOBaHUSIM NPH YHCTOBOW MEXaHOOOPaOOTKE B MAIIMHOCTPOSHHH.

3aBHCUMOCTD IICPOXOBATOCTH OT CKOpocTH pe3anus V. (puc.3 a,6) uMeeT napaboNMYECKUid XapakTep ¢
MaKCHMaJIbHBIMU 3HAYEHUSIMU IIEPOXOBATOCTH B Auana3oHe ckopocreil pesanus 90-95 m/muH. [laHHbBIN (QakT MOKHO
OOBSACHUTH TEM, YTO B YKa3aHHOM J[HAaIla30HE CKOPOCTeH pe3aHus mMeeT MecTo 3(Q¢eKT HapocTa MaTepuaia Ha
PeKYIIyI0 KpOMKY. Jlis TOATBEpKAEHHS YKa3aHHOW THIOTE3bl HEOOXOAMMO MPOBEICHUE JOMOJHHUTEIbHBIX
HCCJIEJOBAaHUH C KOHTPOJIEM TeMIIepaTyphl B 30HE PE3aHMUsI U HCIIOJIb30BAHHEM BBICOKOCKOPOCTHOM BUIEOKaMephl JUist
HaAOJIIOICHHUS 3a MPOIIECCOM CTPYKKOOOPa30BaHMS U BO3MOKHOTO (DOPMHUPOBAHMS HAPOCTA.

Bnusinue mupuHbl Qpe3epoBaHusi @, Ha IIEPOXOBATOCTh MOBEPXHOCTH MMEET TAKKE MapabOMuecKHil XapakTtep
(puc. 3 6, 6), HO TIPH ITOM MaKCHUMAIIbHbIC 3HAYCHHS LIEPOXOBATOCTU AOCTHTAKOTCA HpH 8 = 0,25 MM 1 &, = 3 MM, a
MHUHHMaJIbHOE 3HaUeHHe — IpH a8, = 1,8-2,2 MM. MoXHO mosnarate, 4TO B yKa3aHHOM JWalla30He MIMPUHBI PE3aHUs Ha
nporuecc 00pabOTKH B MEHbLIEH CTEIICHH BIUSIOT PEreHepaTHBHBIE KOJeOaHMs, 3aBHUCSIINE TAKXKe OT KOHCTPYKTUBHBIX
1 TeOMETPUYECKHUX ITapaMeTPOB PEKYIIEro HHCTPYMEHTA.
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B nTOre MoXHO KOHCTATHpOBaTbh, YTO IPH YCTAHOBJICHHBIX PEXMMAaX PE3aHUs YIaJOCh JOCTHYb ILIEPOXOBATOCTH
MMOBEpXHOCTH He BhIIIe R, = 1,85 6e3 moTepu mpou3BOIUTEIFHOCTH MIpOIIecca.

O6cyxaenne u 3aka04enus. Pazpaborana MaTeMaTH4YeCKas MOJIEIIb, OTPAXKAIOIIAs BIMSHHUEC PEXKUMOB pe3aHHs Ha
IICPOXOBATOCTh MOBEPXHOCTH IPH TOYCHUH (pesepoBaHHeM OBICTPOPEXKYLIEH CTaId MOHOJIHMTHOW (pe3oil.
PesynbTaThl NPOBENEHHBIX HCCICIOBAHUA MOTYT OBITH HCIIOJIB30BAaHBI Ul ONPENEICHHS ONTHMAIBHBIX PEXHUMOB
pe3aHHs, OOECIEYMBAIOIINX 3aJaHHOE KAadeCTBO MOBEPXHOCTH IPH M3TOTOBJICHHHM pealbHBIX Jerajeld B
MIPOMU3BOJICTBEHHBIX YCJIOBHSIX.

PexomMennyercss nmpoBeJeHUE JOMOJIHUTEIBHBIX HCCIENIOBAHUH C KOHTPOJEM TEeMIIepaTyphl B 30HE pe3aHusi U
BuOpaumii. Ha3zHaueHune pexuMOB pe3aHusi CIEAyeT MPOBOJAWTh Ha 0a3e pe3ynbTaroB MOAAIBHOIO aHal3a
TEXHOJIOTUYECKOH CHUCTEMBI JUISi YMEHBIICHHS BIHMSHUS pPEreHEpaTHBHBIX aBTOKOJIEOaHMH Ha IIEpOXOBATOCTh
00paboTaHHOI1 TOBEPXHOCTH.
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